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FOVIPWORD

This report was prepared by the Department of Chemistry, Miami
University, Oxford, Ohio under Air Force Project No. 241807, "Systems
Support," Task No. 2418, "Aerospace Structural Materials." The work
was administered under the direction of the Materials Laboratory,
Air Force Systems Command, Wright-Patterson Air Force Base, Ohio,
Contract #33615-80-C-5002. Mr. James Kuntz (AIFWAL/MLU) served as
Project Engineer.

The work was performed at Miami University and at the Materials
Laboratory, Wright-Patterson API during the period 12 May 1980 through
15 May 1982. The. report was submitted by the author in June 1982.
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SECTION I

INTRODUCTION

This report was prepared by the Department of Chemistry, Miami University,
Oxford, Ohio eahd is the final report of USAF.Contract F33615-80-C-5002. It covers
the period 12 May .1980 - 15 May 1982. The work vas performed at Miami University
and at the Materials Laboratovy, Wriht-Patterson Air Force Base, Ohio. The mJor
participants were Messrs.- J. R. Kerns, T. Z. Kerschner and T. H. Stout, Mrs. AnnePapanla and Drs.-Chi K. Yu and J. E. Eaton. Dr. J. ZX. gaton served as Project

Leader. The contract involved method development, support program, service
functions, mterials charicteriation and development and application of analytical

techniques of various kinds in support of Air Force programs. It also involved
research in the areas of molecular structure determination and materials character-
isation.

The rapid develoment of aerospace science in the last thirty years has
resulted In the synthesis and development of many new materials possessing

numsual chemical and physical properties. This rapid development of new and
exotic materials has required that a good deal of effort be expended in the
development of new techniques to analyze and characterize then. Seldom are the
classical methods applicable to these nek compounds and therefore & good deal of
research-and method modification is necessary to develop new techniques. Once
such techniques are developed, they must be applied to the analysis of such new
exper~etax methods.

In addition to the analysis and characterization of experimental materials,

the need often arises for aqcurate and expeditious analysis of samples arising
from practical problems encountered by the Air Force in one of its mavy widespread
areas of operation. This is most generally typified by accident Investigations or
equipment malfunctions.

Because of the sometimes rapidly changing requirements of the Air Force,

the effort on the contract has varied at times with regard to the particular
areas of.emphaseis. For instance, efforts in atomic spectroscopy, X-ray diffraction
and seperations have varied widely over the course of the contract. Some months
these areas have required nearly a full man-month while other months have required
little effort. The effort In Infrared spectroscopy has been relatively constant
over the contract period as has mess spectrometry, but the purchase of the Finnigan
4021 system has led to more efficient sample handling at the end of the contract.
*icroanalysis. required an essentially constant level of effort. During the past
two years there has been a great increase in the number of "problem-solving"
samples. These samples require new techniques or the combination of two or more
techniques if the desired characterisation is to be obtained. Such samples are
both challenging and time-consuming, but are, In general, very Important to the
mission of the Air Force.



A- C .- ''..................

A significant amount of the service work has been subcontracted to
other organizations during the performance of this work. This involves
primarily specialized service and support functions which can be provided by
organizations which have particular capabilities in the required fields. The
rate of subcontracted effort decreased drastically as the contract effort progressed,
however, due to the development of In-house capabilities to perform these specialized
functions when there existed a continuing need. In-house performance of these
functions is desirable since it results In a large time-saving, in general.

andtheThe succeeding sections of this report summarize the effort expended
adteresults obtained In the various areas during the performance of contract

733615-80-C-5002
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SECTION II

MICROANALYSIS

A relatively large effort in microanalysis was required throughout
the contract period on a continuing bases. The largest number of samples
received for analysis were those requiring microanalytical prodedures of
gone type.

Within the area of microanalysis, carbon and hydrogen determinations
are by far the most requested single analysis. These are normally performed
on the Perkin-Elmer Nodel 240 C,H,N analyzer. This instrument is now rather
old and Is obsolete in the sense that never models require considerably
less operator time per analysis. During the period of the contract rather
severe downtime problems were encountered from time to time. Bash of these
was corrected, but such behavior is expected- o continue and perhaps increase
due to the age of the instrument: During instrument downtime periods the
C, H analyses must be run by the Pregl method. This is considerably more
time consumin. In addition this method is not suitable for nitrogen
determination.

Included in the microanalysis area are many other quantitative
determinations of other elements present in samples as weall as certain
physical properties. Also included are moelcular weight determinations
by vapor pressure osm oetry.

Occasionally, icroanlyses are subcontracted. These are usually
because the sample submitter requests that the work be done by a particular
laboratory since they are particularly qualified or because of particular
time constraints with individual samples.

The number of microanalyses of various kinds performed during this
contract are susmarizd below.

Type of Analysis Determinations

In-house Subcontracted

1. Carbon and Hydrogen 728 7

2. Nitrogen 378 5

3. Chlorine 144 1

4. Bromine 141 0

5. lodine 57 0

6. Oxygen 0 23

7. Sulfur 180 0

3
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SECTION III

MASS SPECTROMETRY

There is a continuous demand for mass spectrometric analyses.
Often the demand extends to separations and thus leads to a need for
as chromatographic-mass spectrometric analyses. Such samples may require

the actual analysis of many components of a given sample. As a result,
one sample may require as much as a man week of effort. During the period
of this contract there was a continuous need for one-man per year total
effort and occasionally a need for further effort.

Basically, effort was spent on three instrument systems. The
DuPont 21-490 Chemical Ionization Mass Spectrometer was the major Instru-
ment used during the first fifteen months of the contract period. In
August 1981 the new Finnegan 4021 GC/MS/DS system became operable and the
majority of samples received were-analyzed with this new system. It
should be noted that the DuPont 21-490 was maintained in operation, how-
ever, as it is the only system capable of analyzing materials with molecular
weights over 1000. Both instrumts were therefore kept in operation.
During the contract a continuous effort, on a "as time is available" basis,
was spent to put into operation the CEC 110-B High Resolution Mass
Spectrometer. This was finally accomplished in March, 1982.

Samples analyzed during the period of this contract were as listed:

CC/MS 358

MS only 468

Total 826



SECTION IV

MOLECULAR SPECTROSCOPY

The effort in the area of molecular spectroscopy over the period
of this contract was exclusively limited to infrared spectroscopy.
There was, however, a wider than usual requirement for unusual procedures
and equipment. A great deal of difficulty was encountered with the
Infrared spectrometers located at WPAFB (Perkin-Elmer Models 521 and
621) and a large amount of instrument downtime was experienced. At the
very end of the contract a new Perkin-Elmer Model 683 Infrared Spectro-
photometer was purchased by the Air Force and this instrument should
make service in this area much better in the future. The availability
of special equipment at Miami University led to a relatively large number
of samples being analyzed there. These involved special requirements
and equipment not available at WPAFB.

The total number of service samples analyzed during the contract
period was 577 at WPAFB and 158 at Miami University. It should be
noted that many of these samples require the recording of several spectra
for complete analysis. This has been particularly evident in the field
over this contract period as more and more difficult samples and problems
have been encountered. This is particularly true of samples analyzed at
Miami University, but is also true of the samples analyzed at VPAFB.
Of the samples analyzed at Miami University, 18 required Fourier Transform
Infrared Spectroscopy, 49 required Computer Assisted Dispersive Infrared
Spectroscopy, 75 required the high resolution, high precision and
accuracy afforded by a research instrument (PE Model 180), 6 required
far infrared spectroscopy, 6 required low temperature infrared spectro-.
scopy, and 4 required quantitative analysis for p-dibromobenzene. The
last was done by developing an infrared spectroscopic method at Miami
University prior to analyzing the samples. It utilizes the 810 cor 1

band of p-dibromobezene and the Beer's Law plot has good linearity over
the concentration range 2 x 10- 3 - 9 x 10 - 3 molar. Average error within
these limits is about 4Z.

As a part of a study of the spectra and structures of biologically
Important small molecules, the pyruvate series of molecules have been
studied. This study consisted of a series of detailed studies on selected
molecules and a survey of the carbonyl stretching frequencies of a
number of other molecules. The studies can be summarized as:

1) Pyruvoyl Chloride - This compound is thermally unstable and therefore
all sample-handling and data-gathering was carried out at -20*C or below.
The compound was synthesized by a previously reported procedure. As an

6



N aid to the assignment, pyruvoyl bromide, which does not appear to have
been previously reported, was synthesized and its infrared spectra recorded.
The spectra indicate that pyruvoyl chloride has a structure similar to
that of other pyruvic acid derivatives in the crystal. It is planar,
or near planar, with the two carbonyl groups trans to one another..

2) Pyruvic Acid - The vibrational spectra of pyruvic acid have been
* obtained, analyzed and assigned. These spectra have allowed conclusions

concerning the structure and the nature of the hydrogen bonding present
to be obtained under varlous conditions. In the pure solid and liquid
phases pyruvic acid exists as a cyclic, hydrogen-bonded diner in which
the keto oxygen is not involved.i. hydrogen bonding. In the liquid phase,
this structure is in equilibrium with a significant amount of enol
structure. In dilute solution, the structure is that of an internally
hydrogen-bonded monomer in .which the keto group is involved in the
hydrogen bond but the acid carbonyl is not.

3) 3-Bromopyruvic Acid - The spectra and structure of 3-bromopyruvic
acid were investigated and compared to those of pyruvic acid. It has
been found that the spectra of 3-bromopyruvic acid in the liquid phase
and in solution are very similar to those of pyruvic acid indicating
similar structures (cyclic diner In the liquid phase, cyclic monomer
in dilute solution). The solid state spectra are quite different,
however. The solid states spectra of 3-bromopyruvic acid show a center
of symetry, but the OH stretch is that of an alcohol, not an acid.
Only one carbonyl functionality, is observed and there is no olefinic
carbon-carbon stretching mode.

The spectra have been analyzed And interpreted.in terms of a. cyclic
hydroxylactone structure which can arise by the addition of the acid
O of one molecule across the keto carbon-oxygen double bond of a second
molecule. This forms an unusual diner structure which is really a
condensation diner rather than the usual hydroge-bonded diner formed
by acids. The condensation is a reversible reaction, however - the
normal structure being formed when the crystal melts.

4) Carbonyl Stretching Bands of Pyruvate Molecules - The nfrared and
Raman spectra in the carbonyl stretching region have been recorded for
a number of molecules of the pyruvate series. This data has been compared
with previously published data for the ozalate series. Analysis of these
spectra indicates that there is little or no electronic interaction
between the two unsaturated centers. It is therefore concluded that
each carbonyl stretching mode in the infrared spectra of the pyruvate
series reflects its own particular functionality.

In addition, two further studies of particular molecules of interest,
were completed. A study of the vibrational spectra and structures of
cyclobutanecarbonyl chloride in various phases has been completed. This
study required the synthesis of cyclobutanecarbonyl bromide and the
a-deuterated derivatives of both molecules. It was shown that the two
halides exist as a conformational equilibrium mixture in the gaseous and

7



*, liquid states but not in the solid state. The two conformers have very
similar spectra, however. In view of this it appears likely that the
conformational change is one in which the substituent changes from the
axial to the equatorial conformation, not the one in which the COCI group
rotates about the ring-substituent bond. Although the second conforma-
tional change is possible, and probably does occur to some extent, its
energetics appear to be such that only a very small amount of one conformer
exists. A complete vibrational assignment of the four compounds was carried
out.

igh resolution infrared spectra of oriented polycrystalline films
of m-dinitrobenzene have been recorded at about 20K using polarized
radiation. The spectra have been completely interpreted and the inter-
molecular coupling within the unit cell has been observed and is consistent
with the previously reported crystal structure (X-ray diffraction). The
relative intensities of the observed-factor group components have been used
to determine the symmetry species of the corresponding molecular transitions,
leading to an improved vibrational assignment. There is evidence that
considerable intramolecular motion remains even at low temperature. This
motion appears to be associated with a torsional motion of the N02 groups

* about the CK bond.

5;8
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SECTION V

;1. ATOKC SPECTROSCOPY

Significant effort in the area of atomic spec troscopy was expected on
this contract. due to experience with the preceding contract. The actual
reqieet in this area mre sporadic, however. During certain busy
months a significant effort was required for both service analyses ad
method. develomen-t. However, soime umths did not experience any requests.
Major-projects included theanalysis of eight smples for 10 elements,
each In the part per biliUm range, *the attmt to develop an atomic,
absorption method for the analysis of palladium (a satisfactory methoa
was not developed using A&, but a colorinetric method was), and the
development of a new samiple digestion method which led to a vm7 satisfactory
atomic absorption analysis metbod, for nickel, In certain amplea.

The breakdown of analyses of a servtce nature for the contract
period is asfollos: A- 1", sn-20, 91-16, Al -15,YT- 3, K- 3
Sb - 5, Pb - 3, Li - 3, 1k - 2, Zn -,l1, Ca - 14 3a - 1, ma - 1.
Total elemental analyses by AA - 357

9
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SECTION VI

SEPARATIONS

Separations became an area of rather vide demand during the period
of the contract, but was limited to two methods in terms of this report

(as chromatography was routinely done In conjunction with mass spectrometry,

see Section I1). These two methods are high performance liquid
chromatosraphy (0PLC) and gel permeation chromatography (GPC). A fair
aount of time was spent in .developing methods for particular samples during
the time of this contract, only a few- samples being routine, at least initially.

Sixteen samples wer received for molecular size and molecular weight
cma ions. A CIC procedure to determine the desired Information for
these polymeric materials was developed. Gradient alution EPLC methods
for four samples consisting of mixtures of structural isomers were also
developed. Your samples of diaminodiphnylsulfones in graphite epoxy
were received for PLC and required the development of a reverse phase
procedure. Two samples of dye mixtures were teceived and separated.
These wre extremely complex mixtures. Many of the samples received,
both routine and non-routine, required extra care In separation and
collection of fractions which wore then further analyzed by infrared or
mass spectrometric methods. Other routine samples consisted of 22 samples
for EPLC and 26 samplAs for GPC.

10



SECTION V1I

'4 PMDUR X-RAY DIFFRACTION ANALYSES

Work In this area during the contract period was almost- excluisively
routine. A large number of samples of construction. samples were received
for Identification as "astos or not. If these material are astos,

- the type of asbestos Is often required. Other samples are widely variable -
corrosion products, residues,* miscellaneous crystalline unknowns from
accident Investigations, etc. -The number of samples received were:
asbestos - 70, mselnos 82.* Tot4 samples analyzed by X-ray
diffraction - 152.



SECTION VIII

GNERMAL ANALYTICAL SUPPORT

1. Routine analyses

Carbon in Steel - 134

Sulfur In Steel - 38

ytcal Weighings - 32

Isocyanate analyses - 16

Iron analyses - 16

(titration)

Water Hardness - 6

Density - 6

Nickel analyses -7

(grav'nmetric)

Nitrate analyses - 7
Carbon in TiC - 4

Chlorine In metals - 3

Silicon In metals - 2

Conductivity - 2

Soxhlet Ektractions - 2

Sucroee analyses - 2

reesing Point - 1

Brine (specification - 3

analysis)

Nercury analysis - 1
Vanadium analysis - 1

Yttrium - 26

CaCO3 - 4

Water solubility - 4

)o6isture content - 4

Total routine analyes - 321

12



2. on-louting Iffort

During the contract period a significant amount of effort was expended
in "solving problems". These involve an extremely wide variety of samples
ranging from accident lawastigation samples to manufactured products
which are not meting specifications. Many times a variety of analytical
procedures must be used to ansar the questions of the sample submitter.
These my be single procedures or a combination of several. In addition,
new methods my need to be developed to perform the analyses requested.
As an eample, the development of a method to determine the amount of
oxram functional group in Ipons say be cited. This method was then
applied to eight samples. There are many other specific examples, but
since they are unrelated, a listing does not appear appropriate in a
sumary report. In addition, many are involved in accident or failure
cases and the information is not approved for public dissemination in
terms of this report.

13
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SECTION IX

SUBCONTRACTED ANALYSES

A number of analyses are routinely subcontracted to various laboratories.
This arises because (1) these laboratories are. particularly skilled in the
analysis; (2) they have specialized expensive equipment necessary for the
analysis; (3) the wmber of analyms of this kin4 do not Justify setting
up ln-house procedures; or (4)-the in-house equipment is undergoing mainte-
sace or repairs and it is Importaut that results be obtained quildy. A

mmary of the analyses subcontracted during this contract is given
below. This does not include aicrochemical analyses subcontracted (See
Section II).

1. Pon-e.tallic Elmental Analyses

Semple Type C N 0 N Cl

1. Titanium 101 95 123 95 16

2. Aluminum 2 12 30 6 -

3. Titanium Allaois 56 59 60 56 2

4. AJumInm Alloyb 3 2 6 1 -

5. Tit /Aliintm 7 11 13 7

6. 7e 3 S1 2 2 3 2

7. SIC/AI - - 18 -.

8. 81344 - - 5 5
9. TIC 3 - 6 -

10. Al/We 2 10 2 -

11. We/A1 2 - 3 2

12. Steel - - - 8

13. li/Cu - - 7 -

14. 11/Al 4 - 4

15. liCo - - 8 -

16. Nickel 4 - - -

17. Macellaneous Alloys 5 2 2 2

TOTALS 191 193 290 184 18

Total liq tallic 3lemental Analyses - 876

14
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II. Metallic Elemental Analyses and Chemical Analyses

Sample Type Analysis

1. Alloys Ni - 48, Mo- 29, Al - 70, Fe - 33,
U - 15, Zn- 3, Si- 4, Cu- 8, Zr -3,
V- 3, Chem. Anal -3. TOTAL - 219

2. Mtals Chem. anal - 2, Emission spectrographic.
analysis - 8. TOTAL 10.

3. lider Che. anal - 1

4. SIvw Assays - 4

. NdL. Al - 2, Si- 2. TOTAL - 4

. TttUim T- 75

local Ntallic Blam.tal Analyses and Chemical Analyses - 313

U, Wmlinesaes Analyses

1. KB - 17

2. Smfaee rs - 9

3. Upk soeurce ms spectrometric analyses - 22

4. GC/IS malyses - 26

5. Nucloar N ntic Resounce Spectral Analyses - 53

6. klsidul Gas Analyses - 5

7. Solid Vasto Aalyses - 2

B. Arsenic in Oil Shale - 2

9. Dust 1demtificatio - 3

Total Miscellaneous Analyses - 139

Total Subcostracted Analyses - 1328

15



During the time port covered by this report the following papers,.
articles and reports based in mhole, or in part, on work performed under
this contract were pubishod. In met cases, a significant portion of
the work me also supported by Ximi University. The coauthors of the
various publicatio were/ae students at Mimi University according to
the following.

G. N. L. Tripathf, Postdoctiral Research Associate, 1977-8
W. J. ay, Ph.D,. Mimd Wversity, 190
K. Renai, lostdotoral Research Associate, 1978-9
P. a. Chu, 1.S., Mimi aIlversitY 196W

. D. Moore, Ph.D., m IVversity,. 1978
S. I. Lobe, Ph.D. student, Wid lafiersity, 1979-
J. L Landry, Ph.D. student, Mimi giverslty, 1979-

1. V. J. Ray and J. 3. tam, Ntm Vibratioal Spectra of Crystalline
ynuvoyl aChoride", Speotreob. Acta 3, 793 1 (190).

2. J. 1.ataton, . la d S . I. IL Tripati, "lstemleaular Vibrational
CoupI 488 Ln yfi. _- s-a-=-treba-seme - Polarized Ilfrared Spectra
of oriented PLyrys7talise WilmN", J. Chum. 1hys. 2, 697 (1980).

3. J. Z. atem, "Cryoesam Ifraried .pe -ftrecop sd Molecular Structure
Identificaten", ksran, lilly Research Laboratories, RIL Lilly and
Co~q , Iadim olels, dilsa, 1930.

4. J. 3. Kato. "Palaried Iaftre Spectra of Polycrystallane Organic
Caumpoms", Noth Tam Section, Society for Applied Spectroscopy.
Dallas, Tms, 33600.

5. J. 1. Eats&, olaried Wfxed Spectra of Polycrystallie Organic
CampUms", lease City Setin, Society for Applied Spectroscopy,
asnea Cit, Hiseam-t 190.

6. J. 3. Eaton, "Polarized Inf med Spectra of Polyerytalline Organic

Cmpoum", mmesota Sectift, SocetMy for Appie4M Spectroscopy,
St. Psul, Mitnsota, 1960.

7. J. 3. Eaton, "Infrared Spectroscopy at LOW Tmlratures", Seiinar,
University of Wisconsin - River Walls, River Tlls, VIscmiu, 1980.

S. J. 3. aton and V. J. Jay, "The Vibrational Spectra of Pynuvic Acid and

16
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Its Derivatives", Pittsburgh Conference on Analytical Chemistry and
Applied Spectroscopy, Atlantic City, New Jersey, 1980.

9. W. J. Ray and J. E. Katon, "The Vibrational Spectra and Structure of
Pyruvic Acid", 179th National Meeting, American Chemical Society,
Houston, Texas, 1980.

10. J. E. Eaton, "Compositional, Atomic and Molecular Analysis in Support
of Materials Needs of the U.S. Air Force", Tech. Rept. AFWAL-TR-80-
4064 (1980).

11. K. Hanal and J. E. KUton, "Vibrational Spectra of Cyclobutanecarbonyl
Chloride and Bromide and Their o-Deuterated Compounds", J. Mol. Struct.
70, 127 (1981).

12. W. J. Ray, J. E. Eaton and D. B. Phillips, "Structure, Hydrogen Bonding
and Vibrational Spectra of Pyruvic Acid", J. Mol. Struct. 74, 75 (1981).

13. J. E. Katon and W. J. Ray, "Nature of the Carbonyl Stretching Modes
in a-Dicarbonyl Compounds - The Pyruvate Series", Appl. Spectrosc.
35, 418 (1981).

14. W. J. Ray and J. Z. Eaton, "The Vibrational Spectra and Structure of
3-Bromopyruvic Acid", Pittsburgh Conference on Analytical Chemistry and
Applied Spectroscopy, Atlantic City, New Jersey, 1981.

15. J. E. Eaton and Ph. H. Chu, "Conjugative ffects in Dicarbonyl Compounds
The Vibratibnal Spectra and Assignment of Nonomethyl Fumaryl Chloride",
J. Mol. Struct. 78, 141 (1982).

16. J. E. Eaton and R. D. Moore, "Nuclear Magnetic Resonance Investigation
of the Chemical and Structural Properties of the Mucohalic Acids",
Spectrosc. Lett. 15, 253 (1982).

17. J. 1. Eaton, 61pplications of Ramen Spectrometry to Chemical Analysis",
Seminar, U.S. Air Force Materials Laboratory, WriSht-Patterson Air
Force Base, Ohio, 1982.

18. 1. . Eaton and P. a. Chu, "Conjugative Effects In Dicarbonyl Compounds.
The Vibrational Spectra of Fumarate Molecules", Pittsburgh Conference
on Analytical Chemstry and Applied Spectroscopy, Atlantic City,
New Jersey, 1982.

19. S. 1. Lobo and J. R. Katon, "The Vibrational Spectra and Structural
Behavior of 1,4-Butanedioyl Chloride (Succinyl Chloride)", 14th Central
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